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1
Introduction

Concept of multicarrier was introduced to FDD HSPA in Release 8 by adding dual cell HSDPA functionality with adjacent carrier frequencies. Later work was continued in Release 9 when support for Dual Band Dual Cell HSDPA (DB-DC-HSDPA), dual cell HSDPA with MIMO and dual cell HSUPA were added. 

New four carrier HSDPAwork item was proposed in RAN plenary meeting #45 ‎[1]. Work item was not, however, agreed in plenary meeting but instead way forward in ‎[2] was. Way forward proposes that 3-4 carrier HSDPA could be studied in RAN1 until RAN #46 where decision of possible work item would be done. Also discussion of the detailed scope of the work item is encouraged. Purpose of this contribution is to discuss a few issues related to scope of 3-4 carrier HSDPA.
2
Discussion
Way forward in ‎[2] does not mention anything specific about content of possible 3-4 carrier HSDPA work item. Hence it is justifiable to see the work item proposal in ‎[1] to see the possible objectives work item could have. Proposed objectives were:
· Specify 3-4 cell HSDPA operation in combination with MIMO for the following scenarios:

a. The 3-4 carrier transmission only applies to HSDPA physical channels

b. The carriers belong to the same Node-B

c. The aggregated carriers can operate on adjacent carriers and on multiple bands. Possiblity for non adjacent carriers in the same band is not excluded but UE complexity need to be addressed as part of the activity for identifying band combinations.

d. Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted is part of the work item.

e. Identification of which combinations of numbers of uplink and downlink carriers should be targeted is part of the work item.

f. Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA and DB-HSDPA should be reused where possible.

Issue of allowed band combinations is covered in more detail and also main focus areas are emphasized:
In order to reduce UE RF combinations for the multi-band options, TSG RAN WG4 should as initial task identify a limited set of band combinations to be covered in this WI. The way of working and combinations identified for DB-HSDPA in Rel-9 should serve as a baseline for discussion for this WI, and a guiding principle should be to allow for 2 combinations per region.

Work should address the following main areas:

· adjacent 3-4 carrier solution where MIMO operation is applied to zero, one or multiple carriers

· non-adjacent 3-4 carrier solutions on 2 bands where MIMO operation is applied to zero, one or multiple carriers

The proposed work item covers only downlink, and 3-4 carriers in uplink are not part of the study. There is a question whether usage of DC-HSUPA should be mandated with 3-4 carrier HSDPA. At least in MIMO case it seems that two HS-DPCCH codes are probably needed to handle the increased amount of feedback in uplink. It is, however, possible to have both codes in the same UL carrier. Like in Rel-8 and Rel-9 downlink multicarrier schemes power control command are needed only for primary downlink carrier and hence additional uplink carrier is not needed for that purpose. Thus it is not seen necessary to tie 3-4 carrier HSDPA to DC-HSUPA but it is proposed to keep uplink and downlink features independent of each other. This is well in line with the Rel-8 DC-HSDPA and Rel-9 DB-DC-HSDPA approach.
It is mentioned in way forward in ‎[2] that 3-4 carrier HSDPA was left out of Rel-9 with the intention to specify it later. However, study done in Rel-9 timeframe did not include four carriers with MIMO but was done based on limited scope found in ‎[3], which allowed MIMO in two carriers only. RAN1 findings of the study done for Rel-9 are found in ‎[4]. It is anyway quite trivial to determine gains due to four carrier MIMO based on earlier results. However, UE complexity of four carriers with MIMO is relatively high so maybe a lower category e.g. without MIMO is still needed.
Support of four adjacent carriers in the same band does not necessarily seem very useful feature since most of the operators do not have four adjacent carriers, not at least in core band. In that sense maybe limiting to three carriers only in one band could be feasible. That could save some complexity in RF parts since 20MHz bandwidth would not be needed per band. On the other hand if LTE RF can be re-used then it will have 20MHz bandwidth on most bands anyway.
Possibility for non-adjacent carriers in the same band is included in work item proposal. In this case there could be an interfering carrier(s) between the received carriers. This increases UE complexity quite heavily compared to adjacent carrier case since either separate RF branches for the non-adjacent parts of the band or some means to increase dynamic range and/or selectivity of the RF parts is needed. Also if Rel-9 DC-HSUPA is to be deployed together with 3-4 carrier HSDPA then adjacent carriers are needed for the uplink.
Both terms “multiple bands” and “dual-band case” are used in work item proposal. It is anyway assumed that work item should be limited to 2 simultaneously supported bands only. Usage of more than 2 bands increases UE complexity quite significantly and is not seen necessary since there are only 3-4 carriers to be aggregated.
It is not clear how inter-band would be supported in 3-4 carrier HSDPA. In Rel-9 inter band only band combinations supported by the UE are needed to be signaled to the network. This is natural in Rel-9 since there are only two carriers, one in each band. Now if the same approach is used as is in multicarrier then that would assume that UE needs to support 4 carriers in all bands that are included in supported band combinations. Another option would be either to agree number of carriers used in each band or to include information of number of supported carriers to band combination information signaled by the UE. At least maximum number of carriers possible in each band must be determined by RAN4 since in lower frequency bands it is possible that all 4 carriers can not be used in multicarrier configuration due to the low duplex distance. Same approaches can be applied to MIMO capability in each band. It would be desirable to have possibility to avoid supporting MIMO in lower frequency bands where it is difficult to obtain low correlation for UE receive antennas. In any case it should be possible to limit implementation and testing effort to the combinations that are useful and actually needed in the field. 
3 Conclusions

Based on the proposals [1-4], it is proposed to discuss scope of further 3-4 carrier HSDPA work along the following lines:
· The 3-4 carrier HSDPA can operate with a single UL carrier

· The UL carrier can be configured to be on any of the carriers that have an existing DL pair according to the existing duplex spacing rules of TS25.101

· The 3-4 carrier HSDPA can operate with DC-HSUPA

· The UL carrier carriers are adjacent as per Rel-9 specifications, each of them having an existing DL pair according to the existing duplex spacing rules of TS25.101

· The HS-DPCCH(s) are transmitted on one (primary) carrier only

· The 3-4 carrier HSDPA can operate on a single band or on two separate bands

· The band combinations supported for DB-DC-HSDPA according to Rel-9 TS25.101 as shown in ‎[5] are used as a basis when band combinations for 3-4 carrier HSDPA are selected.
· The maximum number of carriers to be supported on a specific band needs to be reviewed by RAN4

· Other band combinations may be considered if clear need identified.

· The need and possibility for non-adjacent carrier operation on any given band requires careful consideration and cost/benefit analysis

· The support of MIMO is a UE capability, i.e. UE supporting more than 2 carrier operation may or may not support MIMO.

· The support for MIMO may be band specific

· The MIMO configuration may be carrier specific
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